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. , $t(=1,2, \cdots,T)$
$s$ , , , $t-1$ $q_{j}$ $u_{j^{S}}(j=1,2, \cdots,n)$
, , . ,
$u_{1}\leq u_{2}\leq\cdots\leq u_{n}$ (2.1)
. $t$ , $s$ ,
, , $s_{\min},$ $s_{\max}$
, $C(s, s_{nin}, t),$ $P(s, s_{\max}, t)$ ,
$t=0,1,$ $\cdots,T,$ $0\leq s_{\min}\leq s\leq s_{\max}$ . $t=0$ ( ) ,
,
$C(s, s_{\min}, 0)$ $=$ $s-s\wedge s_{m};_{n}=s-s_{\min}$ , (2.2)
$P(s, s_{\max}, 0)$ $=$ $s\vee s_{\max}-s=s_{\max}-s$ (2.3)
,
$a\wedge b$ $:=$ $\min\{a, b\}$ ,






















$t=1$ ( ) . ,
1 .
$s$ ( ) $u_{j^{S}}(j=1,2, \cdots, n)$ “ $j$ ” ,
$j$ , 1
$e_{j}$ . $j(=1,2, \cdots,n)$ 1 ,
1 . 1
, $A3$ , $R^{-1}$ . Al
:





$s= \sum_{j=1}^{n}e_{j}(u_{j}s)$ $(s=R^{-1} \sum_{j=1}^{n}Re_{j}(u_{j}s))$ , (3.2)
, $s$ ,
$\sum_{j=1}^{n}$ $ejuj=1$ (3.3)
X ($Re_{j},$ $j=1,2,$ $\cdots,$ $n$ ).
$t=1$ , $s$ , $s_{\min}$
$C(s, s_{\min}, 1)$ :
$C(s, s_{\min}, 1)= \sum^{n}e_{j}C(u_{j}s, u_{j^{S}}\wedge s_{\min}, 0)$ (3.4)
$j=1$
$C(s, s_{\min}, 1)=R^{-1} \sum Re_{j}C(u_{j}s,u_{j}s\wedge s_{\min}, 0)n$ .
$j=1$
$e_{j},$ $j=1,2,$ $\cdots,$ $n$ , (3.4) $C(s, s_{\min}, 1)$ .
, , .
, , $e_{j},$ $j=1,2,$ $\cdots,$ $n$
, (3.1), (3.3) , (3.4) , 2
.
Cl $\{\begin{array}{l}\max imizeor\min imize\end{array}\}$ $\sum_{j=1}^{n}e_{j}C(u_{j}s, u_{j}s\wedge s_{\min}, 0)$ , (3.5)
subject to $\sum^{n}$ $ejuj=1$ , (3.6)
$j=1$
$\sum e_{j}n=R^{-1}$ , (3.7)
$j=1$
$e_{j}\geq 0,$ $j=1,2,$ $\cdots$ , $n$ . (3.8)
3.1 $C(s, s_{\min}, 1)$ Cl
$\overline{C}(s, s_{\min}, 1)$, $C_{-}(s, s_{m}:n’ 1)$ ,
$\overline{C}(s, s_{\min}, 1)$ $=$ $R^{-1}\{\alpha C(u_{1}s, u_{1}s\wedge s_{\min}, 0)+(1-\alpha)C(u_{n}s,u_{n}s\wedge s_{\min}, 0)\}$ , (3.9)
$C_{-}(s, s_{\min}, 1)$ $=$ $R^{-1}\{\beta C(u_{h}s,u_{h}s\wedge s_{\min}, 0)+(1-\beta)C(u_{h+1}s, u_{h+1}s\wedge s_{\min}, 0)\}$ (3.10)
, ,
$\alpha:=\frac{u_{n}-R}{u_{n}-u_{1}}$ (3.11)




, $t(=1,2, \cdots, T)$ ,
$s$ , $s_{\min}$
. $C(s, s_{m1n}, t)$ :
$C(s, s_{\min}, t)= \sum^{n}e_{j}C(u_{j}s,u_{j}s\wedge s_{\min}, t-1)$ . (3.13)
$j=1$
, $C(u_{i}s, u_{i}s\wedge s_{\min}, t-1)$ , $\overline{C}(u_{j}s, u_{i}s\wedge s_{\min}, t-1)$
$C-(u_{j}s, u_{j^{S\wedge S_{m}|n}}, t-1)$ .
$C(s, s_{\min}, t)$ $\leq$ $\max_{e\in E}\sum^{n}e_{j}C(u_{j}s, u_{j}s\wedge s_{\min}, t-1)$ (3.14)
$j=1$
$\leq$
$\max_{e\in E}\sum^{n}e_{j}\overline{C}(u_{j}s, u_{j}s\wedge s_{\min}, t-1)$ (3.15)
$j=1$
, $t=0,1,2,$ $\cdots,$ $T$ ,
$\overline{C}(s, s_{\min}, 0)$ $:=$ $C(s, s_{\min}, 0)$ , (3.16)
$\overline{C}(s, s_{\min},t)$ $:=$ $\max_{e\in E}\sum^{n}e_{j}\overline{C}(u_{j}s,u_{j}s\wedge s_{\min}, t-1),$ $t=1,2,$ $\cdots,$ $T$ (3.17)
$j=1$
, $C(s, s_{\min}, t)$ . , $E$ (3.6), (3.7), (3.8)
$e=(e_{1},$ $e_{2},$ $\cdots,$ $e$ , ,
$E:= \{e=(e_{1}, e_{2},\cdots,e_{n}):\sum_{j=1}^{n}u_{j}e_{j}=1,\sum_{j=1}^{n}e_{j}=R^{-1},$ $e_{j}\geq 0,$ $j=1,2,$ $\cdots,$ $n\}$ (3.18)
.
3.2 $t(=1,2, \cdots, T)$ , $s$ ,
$s_{\min}$ , (3.16), (3.17)
$\overline{C}(s, s_{\min}, t)$
$\overline{C}(s,s_{m};_{n}, t)=R^{-1}\{\alpha\overline{C}(u_{1}s,u_{1}s\wedge s_{\min}, t-1)+(1-\alpha)\overline{C}(u_{n}s,u_{n}s\wedge s_{\min},t-1)\}$ (3.19)
, $u$ $\overline{c}(u, t)$ ,
$\overline{C}(s, s_{\min}, t)=s\cdot\overline{c}(\frac{s_{\min}}{s}$ , $t)$ (3.20)
. $\square$
31 $u\sim n=1$ ,
$\overline{C}(s, s_{\min},t)$ $=$ $R^{-t}[^{L\frac{t}{\sum^{2}}J} \sum_{m=0k=0}^{m}+\sum_{m=\lfloor\frac{}{2}\rfloor+1}^{t}\sum_{k=2m-t}^{m}]$
$\{A(t,m-k)\alpha^{m}(1-\alpha)^{t-m}(u_{1}^{m}u_{n}^{t-m}s-s_{\min}\wedge u_{1}^{k}s)\}$ (3.21)
. $\lfloor a\rfloor$ $a$ .
43
$A(i,j):=(\begin{array}{l}ij\end{array})-(\begin{array}{ll} ij -l\end{array})$ (3.22)
, $j\leq-1,$ $j\geq i+1$ $A(i,j):=0$ .
3.3 $t(=0,1,2, \cdots, T)$ , $s$ ,
$s_{\min}$ ,
$C_{-}(s, s_{\min}, 0)$ $:=$ $C(s, s_{\min}, 0)$ , (3.23)
$C_{-}(s, s_{\min}, t)$ $:=$ $\min_{e\in E}\sum e_{j}C_{-}(u_{j}s, u_{j}sn\wedge s_{\min}, t-1),$ $t=1,2,$ $\cdots,$ $T$ (3.24)
$j=1$
,
$C_{-}(s, s_{\min}, t)=R^{-1}\{\beta C_{-}(u_{h}s, u_{h}s\wedge s_{\min}, t-1)+(1-\beta)C_{-}(u_{h+1}s, u_{h+1}s\wedge s_{\min}, t-1)\}$ (3.25)
. $\overline{\backslash }$ $\square$
3.2
$1\leq u_{h}\leq R<u_{h+1}$ (3.26)
,
$A$





$C_{-}(s, s_{\min}, t)$ $=$ $R^{-e}[_{m=0} L\frac{t}{\sum^{2}}J\sum_{k=0}^{m}+\sum_{m=\lfloor\frac{t}{2}\rfloor+1}^{t}\sum_{k=2m-t}^{m}]$
{ $A(t,$ $m-k)\beta^{m}(1-\beta)^{t-m}(u_{h}^{m}u_{h+1}^{t-m}s-s_{\min}$ A $u_{h}^{k}s)$ } (3.28)
. $\square$
3.2
, 21 , .
.
3.1




$S$ , $e_{j},$ $j=1,2,$ $\cdots,$ $n$
(Cox, Ross and Rubinstein [2] ):
$e_{j}=q_{j}d_{j},$ $j=1,2,$ $\cdots,n$ , (3.29)
,




. , Cl ,
, C2 ( ):
C2 $\{maxi_{r}mize\min^{o_{imize}}$
,
$\sum_{j=1}^{n}y_{j}\hat{C}_{j}(s, s_{\min}, 0)$, (3.30)
subject to $\sum^{n}$ $yj\text{\^{u}} j=1$ , (3.31)
$j=1$
$\sum y_{j}n=R^{-1}$ , (3.32)
$j=1$
$y_{j}\geq 0,$ $j=1,2,$ $\cdots,$ $n$ , (3.33)
, $j=1,2,$ $\cdots,$ $n$
$\hat{u}_{j}$ $:=$ $\frac{\sum_{1--1}^{j}u_{i}q_{1}}{\sum_{i1}^{j_{=}}q_{i}}$ (3.34)
$\hat{C}_{j}(s, s_{\min}, 0)$ $;=$ $\frac{\sum_{i=1}^{j}q_{i}C(u_{i}s,u_{i}s\wedge s_{\min},0)}{\sum_{i1}^{j_{=}}q_{1}}$ (3.35)
(3.36)
.
3.4 , , $s$ ,
$s_{\min}$ $C(s, s_{\min}, 1)$
C2 $\overline{C}_{RA}(s, s_{\min}, 1)$ , CRA $(s, s_{\min}, 1)$
$\overline{C}_{RA}(s, s_{\min}, 1)$ $=$ $R^{-1}\{\hat{\alpha}\hat{C}_{1}(s, s_{\min}, 0)+(1-\hat{\alpha})\hat{C}_{n}(s, s_{\min}, 0)\}$ , (3.37)
$C_{RA}-(s, s_{\min}, 1)$ $=$ $R^{-1}\{\hat{\beta}\hat{C}_{h}(s, s_{\min}, 0)+(1-\hat{\beta})\hat{C}_{h+1}(s, s_{\min}, 0)\}$ (3.38)
, ,
$\hat{\alpha}$ $:= \frac{\hat{u}_{n}-R}{\hat{u}_{n}-\hat{u}_{1}}$ (3.39)





3.5 , $t(=0,1,2$ ,
$T)$ , $s$ , $s_{\min}$
,
$\overline{C}_{RA}(s, s_{\min}, 0)$ $:=$ $C(s, s_{\min}, 0)$ , (3.41)
$\overline{C}_{RA}(s, s_{\min}, t)$ $:=$ $R^{-1}\{\hat{\alpha}\hat{\overline{C}}_{1}(s, s_{\min}, t-1)+(1-\hat{\alpha})\hat{\overline{C}}_{n}(s, s_{\min}, t-1)\}$ , (3.42)
$\=1,2,$ $\cdots T$
, $C(s, s_{\min}, t)$ , ,
$\hat{\overline{C}}_{j}(s, s_{\min}, t-1)$ $:= \frac{\sum_{1=1}^{j}q_{\mathfrak{i}}\overline{C}_{RA}(u_{1}s,u_{i}s\wedge s_{m};_{n},t-1)}{\sum_{i1}^{j_{=}}q_{i}}$
’ $j=1,2$ , $\cdot$ , $n$ (3.43)
.
3.6 , $t(=0,1,2$ ,
. , $T$ ), $s$ , $s_{\min}$
,
$C_{RA}-(s, s_{\min}, 0)$ $;=$ $C(s, s_{\min}, 0)$ , (3.44)
$C_{RA}-(s, s_{m1\mathfrak{n}}, t)$ $;=$ $R^{-1}\{\hat{\beta}_{-}\hat{C}_{h}(s, s_{\min}, t-1)+(1-\hat{\beta})\hat{C_{h+1}-}(s, s_{\min}, t-1)\}$ , (3.45)
$t=1,2,$ $\cdots,T$
, $C(s, s_{\min}, t)$ , ,




$S=1$ , $R=1.05$ , $n=4$
$u_{1}=0.8$ , $u_{2}=1$ , $u_{3}=1.1$ , $u_{4}=1.25$
1, 2, 3 $(s, s_{m1n})=(1.0,0.8),$ $(1.0,0.9),$ $(1.0,1.0)$
$\circ$
, $\overline{C}(s, s_{\min}, t)$
$C-(s, s_{\min}, t)$ $t|_{\llcorner}^{arrow}$ .
, , ,
. , . ,
$s_{\min}$ .





Ritchken and Kuo [8] ,
, ,
, ,
. , , ,
.
Ritchken and Kuo [9] , ,
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Cl’ $\{\begin{array}{l}\max imizeor\min imize\end{array}\}$ $\sum_{j=1}^{n}q_{j}d_{j}C(u_{j}s, u_{j}s\wedge s_{\min}, 0)$ , (A.1)
subject to $\sum^{n}$ qjdjuj $=1$ , (A.2)
$j=1$
$\sum^{n}$ $qjdj=R^{-1}$ , (A 3)
$j=1$
$d_{1}\geq d_{2}\geq\cdots\geq d_{n}\geq 0$. (A.4)
, $x_{j},$ $j=1,2,$ $\cdots,n$ :
$\sum_{i=j}^{n}x:=d_{j},$ $j=1,2,$ $\cdots,$ $n$ .
, Cl’ :
Cl” $\{\begin{array}{l}\max inizeor\min imize\end{array}\}$ $\sum_{j=1}^{n}x_{j}(;\sum_{=1}^{j}q_{i}C(u;s, u;s\wedge s_{\min}, 0))$ , (A.5)
subject to $\sum_{j=1}^{n}(\sum_{i=1}^{j}u_{j}q_{j})x_{j}=1$ , (A.6)
$\sum_{j=1}^{n}(\sum_{i=1}^{j}q_{j})x_{j}=R^{-1}$ , (A.7)




C2 $\{\begin{array}{l}\max imizeor\min imize\end{array}$ $\sum_{j=1}^{n}y_{j}\hat{C}_{j}(s, s_{\min}, 0)$, (A.9)
subject to $\sum_{j=1}^{n}y_{j}\hat{u}_{j}=1$ , (A.10)
$\sum_{j=1}^{n}y_{j}=R^{-1}$ , (A 11)
$y_{j}\geq 0,$ $j=1,2,$ $\cdots,$ $n$ , (A 12)
48
, $j=1,2,$ $\cdots,$ $n$ ,
$\hat{u}_{j}$ $=$ $\frac{\sum_{;--1}^{j}u_{i}q_{i}}{\sum_{j}^{j_{=1}}q_{i}}$ (A. 13)
$\hat{C}_{j}(s, s_{mn}, 0)$ $:=$ $\frac{\sum_{j}^{j_{=1}}q_{j}C(u_{j}s,u1s\wedge s_{m}:\mathfrak{n}0)}{\sum_{i=1}^{i}q_{j}}$ (A.14)
.
1: $(s, s_{\min})=(1.0,0.8)$
2: $(s, s_{\min})=(1.0,0.9)$
3: $(s, s_{mjn})=(1.0,1.0)$
